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Alms Inflammatory and immune sctwfltion and body 
wasting bib important features of epd-stage chronic heart 
ffliJura. It is not knows whether xcatoxatfrm of cardiac 
output by Jifflript device smplaiitiiimi can hnprove these 
abnormalities, 

Methods We studied 48 pattern* (39 males; age* 45 ±2 
years) \ri& NYHA class IV hewt faihira. AH patienta 
Tirdfttwoat ventricular assist device implantation for end- 
rtig? heart failure as a bridge to cardiac transplantation. 
Fbrnmn. levels of txtmottrvecross factor o^aodta receptors, 
mtrrtoQkro-6\ elestasci activated complement, and soluble 
CD] preceptors were measured ai the tunc of operarmn and 
in mrrhoiB tf t 1 week (n-46), 40 dzy* (n=3S> find 90 days 
fa=2£y Follow-np was for a mimnmm of 1 year. 

Results OnewyeBT survival was 3S% (95% C3: 23-49%). 
Body mass index was the only yiwUcto r of survival (body 
mesa Index >25 (p=1S£ mrvirtd 63 (3£-Efi) %; body mare 
index <25 (n-32); survival 21 (T5-36) P=CW03). 
Tom0Qriu^oabfo^afeB^u^dbl-33pg.i^ 1 to 
4-2 db 1-0 at 1 weak. ( / P=<HK]B), Irat returned to pre- 
operative levels at 90 days. Iutfirteukm-ff ( activated com- 
plement and etastase f=U pffogrcssnrclj to 40 days, but 



r frfag si ?0 days. Xtae vu no change in tumour necrosis 
factor receptor. There wps a gradual rise in CD 14 
± 0*15 ug. ml" 1 Kt baseline, 5-C2±r>39 at 90 days, 
J>=0-006). After surgery, body weight fell from 80db2 to 
73*21fcj by I month (?<0-QQl) sod to 72^2kg act 
90 days. 

Conclusions Vcatrkular assist device inrplantatioii results 
in a short-term fall ia tumour necrosis factor a and 
mterleuldn^. but no change in CD14 or tumour necrosis 
factor receptor, &ugg^^g that tho pathophysiological 
process rcsuttiag in inflammation was not altered by 
left ventricular assist device implantation. Law body 
Twiwe index is related to poor outcome after assist dcviis: 
TTnpl flnt?t3o n i arid no weight ffifa 
(Eor Heart J 2001* 22: 2275^2283, donl0.1u53/ea14^O0JU 
2493) 

© 2001 The Buropean Society of Offrdiolosy 

Kay Words; Chrome heart failure, ventricular asrist 
deviee, cytokines, tumour necrosis factor a* 

Set page 2227, dob lb^0&3/enId^0OL2S46 for the Editorial 
comment oa this article 



Introduction 

Keyfeatorcfl of end-stage chronic heart failure are body 
wasting and inflarranntDry and iimiWTir activation. The 
origins of immune airtivatioD remam unclear, but may be 
related to body wasting, that ic cardiac cachexia 0 ' 33 , 
ftself associated with a particularly poor prognosis** 1 . 
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Possible explanations for iimjinpe adivaticm fccfurle the 
bean as a scrorcc of eytokmss, supported by the finbSng 
fiiat oxplanted fafling hearts exhibit tumour necrosis 
factor a expression^. Transgenic inioe with carc£ac 
of tumonr nocrdsifi mctox a develop 
impaired cardiac fanctioih congestive heart faihire and 
die prematurely 1 ^. Tnus, if the beaxt is, mdeed, the 
origm of nmnTUM actrvation, it may contribute to further 
deterioratioil ia cardiac function. The potential stuxrulus 
to cardjflo procructioil of trmootrr riecrosis factor a is not 
dear. 

Anker et cJ. have developed an alternative hypothesis^ 
that fanrotme activation may be secondary to bacterial 

O 2M1 The Buropaaa Sctit&y of Cbrdifllofy 
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endotoxin exposure perhaps as a result of repeated 
episodes of bawd wall oedema and subsequent trans- 
location of bacterial products across the intestinal 
wall 173 , la Bupport oftbit hypothesis, circulating levels of 
endotoxin are higher in heart Fail ore patients with 
oedema, and become lower with diuretic treatment^ 1 . 

We were interested to investigate what might happen 
to immune activation in a group of patients with very 
severe heart fk&ure who had their centra] haen^ dynamic 
problem cozrected by the implantation of a ventricular 
assist device* Device implantation is itself a potentially 
strongly immunogenic stimulus. We measured tumour 
necrosis factor a and its soluble leceptor, and CD 14 as a 
measure of cndotoxitt-cell interaction^. In addition, we 
measured activated compliment level*, and eiastase as a 
mea£nr6 of ncutrppbil activation 00,215 . There is no treat- 
ment at present far eftrhmrin m chrome heart failure 
patients that lestores normal weight To assess the 
global metabolic effects of left ventricular assist device 
implantation, we also stained body weight changes after 
surgery. 



Methods 

We studied 48 patients at a single site who bad ventricu- 
lar assist devices Implanted fox severe cardiac failure (all 
New York Heart Association class IV). The indication 
for device implantation was end-eta ge heart failure or 
cardiogenic shock in all cases. The imdedying ^presump- 
tion in all cases "was that the patrent would die wftnont 
further support whilst on maximal medical therapy. The 
aim for each patient was that device implantation would 
be a bridge to transplantation. The implantations were 
peiftmned between November 1992 and June 1995. 

The study was approved by the ethics Committee of 
the Berlin Charite HospfaL Many patient* were unable 
to give consent far fee blood testing, but a relative of the 
patient was asked to give consent where necessary, 

An ELISA was used to measure both C3a (Progen 
Kotcchnik On 1 ™! Hejddberg, Germany) and C5a 
(Behring Werke AG, Marburg, Germany), Gfe and C5a 
being activated complement factors 3 and 5, respect- 
ively- Eiastase was measured by a cormnercially avail- 
able ELISA test (E. Merck AG, Darmstadt, Germany). 
CD14 was measured by an ELISA test kit with a 
sensitivity lug. ml"' (IBL, Hamburg, Gennany). Test 
lots from R&D Systems (Minneapolis, MN, JJJSJ^) 
were used to measure soluble tumour necrosis factor 
receptor 1 (Gensitiviry ^ps.^!* 1 ) and interleukin-^ 
{sensitivity 0*094pg .ml" 1 ). Total tumour necrosis 
factor a (Medgenix, FkuruA, Belghan; lower fimit of 
detcctability 3-0 pg.mj" *) was also measured. The 
results frraa this test are not by soluble 

tumour necrosis factor receptors* 

Samples were tatai, separated and frozen at — BO *C 
for later analysis. Plasma levels of the cytokines were 
rnaasured. The same sampling system was used, fox uD 
patients. Samples warn taken st the tmie of surgery 

Ear Heart J. VaL 22, ttruc 24. December 2001 



Table J Prwparatfre details of patients undergoing Itft 
ventricular assist device implantation 



Paiicnts Cn^S) 



Set 


Molei39;fetta)c«9 


Diignofki 


DCtf37;IHDll 


Age (yean) 


45'3 ±2-0 


Bright (cm) 


176 5± 1-3 


WngM (ts) 


76-2±2-2 




17*5 ± 07 


Cardiac inrirfr (1 .mm" 1 . id" 3 ) 


1-73 ±0-09 


Qegrl yate (ram""* *) 


12*1**7 


Men syiLemsc BP (ranHg) 


6G*± 1-2 


Lff«wi puLfionny DP fotaiHg) 


35-3 ±M 



patfonl 4t llmo of anpfantadem of ventricular avial device. 
DCM^ dilated ClrtlJitayuptifliy; JHD^uEhaejnle taut dweftie; 
L*YEF=Ht Vttitrieultr cjccrxiq fraction; KF^bJeod pressure, 
tfsmn given ate rnttn. (db SD> 



fp=4B), and in smvivoxs at J week (o 11 ^ 1 month 
(n=35) and 90 days (n =26) post-operation. Data fox the 
cytokines measured wcro log transformed to achieve a 
normal distribution. We used Cox proportional hazard 
analysis with KapJma-Mckr plots to illustrate survival 
data, In those patients who survived at feast 90 days 
comparison between variables at dhTerent none 
slots was with a repeated roeasures aualysifi of variance, 
with post hoc analysis where appropriate. In order to 
compare dam between the time slots for all subjects alive 
at mat moment, repeated paired Most* were used with 
stmistieal significance set st a probability of <O-01. For 
other statistical tests, a probability of O-05 was taken 
to be statistically significant. Correlations were per- 
formed by the least srmares methods. Data are presented 
Bsmean&SD. 



Results 

Patient data at the time of surgery are snown in Table L 
There were more patients with dilated, cardiomyopathy 
than with ischaermc heart disease. All patients wore on 
intravenous inotropic support at the time of implanta- 
tion. The duration of heart failure before assist device 
implantation was 3*&9± 3-94 years (range 1 month to 13 
years). Twenty-five patients had a left ventricular assist 
device £0 patients had a Novaccs^, five a HeartMate 
TCI 0 ^) and 23 a biventricular assist (the Berlin 
HearP^, The devices were implanted with the patient 
on cardiopulmonary bypass. Heparin was antagonized 
fully with protamine after termination of extracuiporeal 
circulation. Intravenous heparin was started 6 to 12 h 
after the operation in the absence of bleeding. Patients 
with the Berlin Heart and Novacor were later switched 
to f-mrmndTTie and acetylsalicyHc sod was added* 
Patients on TCI received only acetykalicyEc acid. The 
HeartMate TCI biventricular assist device implan- 
tation is distinct from the other two devices in that its 
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Tl^ m mm 

XTWJp 



ftgnr* 1 Meat* pulmonary artery (PA.) preasnre immediately prior to the implantation of 
A TWrfHcalarsiippcrt device and oa ittUTD to the kirensfoe caxe unit SfflQYffrg Hie prortdare* 



pumping chamber is made of titanium and h&fi & tough 
tnwgr surface allotting for generation of an inner Enrfacc 
lining 31 . 

The areiagfi age of the paticnti 'was 45-3 years (range 
15-0-57-4 years). At operation, all patients were in the 
intensive we unit it quiring inotropic support. Pulmon- 
ary artery pressure fell immediately after the operation 
from a mean of 354±MmmHg to 25-1 ±0>8 
(P<O000l) (Fig. 1}. Mean systemic arterial pressure 
increased from 66>S=b 1-2 at operation to 78'3± 1-3 at 
1 wee* (i^O-OOOl). There wu no difference between, 
devices in the hadnodynsmit response (P>0'2). 

The cfiniefil outeornes are shown inTabk2.Tierceari 
duration of Ycntrinrilar a-ant support wm 124 daye 
£angc 3-796). Note that fve subjects had Buffictcnt 
recovery of ventricular taction for fttix assist devices to . 
bo cxplanted, with, long^tojoa surviVaL Thfcfle finrvrrord 
all had a dilated cardiomyopathy, but had the aame 
average age (450:1:4*1 years), height (174 ± 4 cm) and 
cytokine levels as the main group. They had. a higher 
cardiac index at impIaTJlflXiOD (£1 l f mm~ t .m~ 2 )than 
the main group, but ejection fraction and arterial pres- 
sures •were the same. The survivors were heavier than the 
main group (B5*2;fc3^*g -w 7S*2£4S: JP=0>2). The 
survival for the group as a wholfi is ahcrwn m Fig- 2. 

The results for cytokine assays for &H patients are 
shown in Table 3 and Fig. 3. Inert were no differences 



between those who had a biventricular assist device 
implanted and those with a left vontiiuflaf assist. After 
device implantation, there was a aigohlcast initial fall in 
nrmour necrosis factor a concentration, with a gradual 
return to pre-hnplantation values. In order to remove 
the bias indaaeed by oonsi doing patients who died before 
the ]ater stages Of fbHow-tip, We also Bhow the data in 
Fig, 4 for those patients who nxrvived with, ventricular 
assist support for 90 days (n=26). There was no substan- 
tial difference between the two sets of results. There was 
no difference in the measured cytojanes at the time of 

Table 2 Patient outcome* 



OUtfiDZAS 


n 


Time to treniplBOi/ 
device raztovAl/deftfh 

&1UB$ 


Death 


31 


99 ±66(3-375) 


Tnncpfant 


12 


101 i SO (10-247) 


Transplant (ben detfh 


5 


71 ±2] (39-91) 


Survival 


5 


350 ±259 0*0-769) 



Times are displayed in dig*. For tba group vba died foBcviuf 
tiuwpbatfftjon. 1hc mdfridcri hi^teI dita follownig tra&xplm- 
fauiou wets 1 d*y, 2 days. 4 toy*, 19 day* end 675 days. For tee 
who survived, (be lime Co renenl of atfist device it aho»n. 
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2278 AZ. CfarJfeetaL 



0-2 - 




2 mouth EunrfvaJ 69$ (SB% CI 57-80) 
J jmt wrHtti 85% 06% CI 2S-«7> 

.1—,, t I I 



2 



J_ 



10 



jJ 



1£ 



4 S 8 
Tims 6nonflu) 

l^ap« 7 Kspten-MeJer rarriral curve showing ttaas to 
first otcdL A first event fe defined as tfcafit Or trtmpl&n- 
tntJoa. Hie data were censored at 1 year n^m assist device 

operation between Chose who died during* the first year 
of f&JJowtp and tfcoso who survived (n=l2). In Cox 
survival analyses, levels of the measured cytokine* at 
ope ration did sot predict outsomo. 

The ride in tumour necrosis factor a at 90 days 
foflaw-np was not associated with an inaea&c in signs of 
infection. There was no rise in white cell errant during 
this period the white count fell slightly during 

fonavMftp; Table 3X sad there whs no coffclfltiQtt 
between th& white cell count and tumour necrosis factor 
a at any time point. Thcrt Was no interaction between 
the change in cytokme levels over time and clinical 
outcome (u^nsplsntatiaii, death, survival), 

There was no ai ffiTfiriiTit change in soluble tumour 
necrosis factor receptor type 1. Thcro was a slight, but 
significant increase in soluble GD14 receptors over the 
time course of the study. Chang* in elastase, 



imerleukh^ and C3a paralleled the changes in tumour 
necranfi factor a, although the dechne in Ai r se variables 
continued to the 40 day time point before beginning to 
rise again. 

There was a reduction in body mass after the opera- 
tion (79*6 ± 2-6 kgpre-operativsrK 73-2 ± 2-4 at 1 month. 
(n=35; /KO-001; 5), and 7M±2«6 at 90 days). 
There was a similar reduction in body mass index 
from 24*9 ±0>B kg. m~ 3 pre-opBratrvcry to 23-3 ± 
0*5 leg, m"- at 1 month {.P<0-D01 vs baseline) and 
23-0±0<8 Ic&.m" 2 at 90 days (i>>0-2 far the compari- 
son with I month). This difference was more marked 
when this mass of the devices way subtracted from the 
patiemV weight (72-4 ± 14-3 leg at 1 month, 71-7 ± 14-3 
at 90 days). There was no relation between body m aw 
index and duration of heart failure (R=0-Q3; p>0-5) 4 

Survival analysis 

Tbfi«e patknta who survived 90 days following the 
operation (n~26) wot heavier at. the time of operation 
than those who died (834 (1*3) Ifc vs 734 (10-5); 
F~1>QQ$y Prooperalrve body mass index predicted sur- 
vival as a continuous variablo (P=0-0053). Figure 6 
shows survival in patients with a body mass index above 
end* below 25kg. m -2 , which was the cat off for the 
group of patients a thd highest fertile for body ram* 
index 

Of the pytnTrinre measured at baseline, only tumour 
necrosis factor rcceptar-1 weakly predicted pnrvrval 
(P-0-Q2). Urea also predicted outcome (P=0-01). There 
was no effect from electrolyte^ blood count variables or 
liver ftmctieni cm survival. There was no effect from sex, 
a^ or underlying cause of heart failure on outcome. 
Only body mass index was an independent predictor of 
survival. 



Tabla 3 Change in Immoral mfoftfe? jfrin tmplajrmfon of omit daicc in <faoidc 
heart fitfnra pofl&m 



TNFa (pg . ml - . 1 ) 
■CDJ4 0iS.ini' 1 ) 

Hbfc.r 1 ) 
^(mmal.r 1 ) 

UrtA&ttmd.l" 1 ) 



PoMTp 

{n?=4S} 


Iwcefc 


40 d*y» 


90dAye 

Ca=2fi) 




4>2D±1-Q0 


C-59±|-4a 


7-W*I-4S 


3201 ±238 


3578 i 352 


27004359 


3478 *477 


3-99 ±0- J 5 


4-30 ±0-22 




542*: 


3C32±45 


812*46 




713 i 65 




90-2 ±6-4 


75-3±7< 


77^*10-7 


131-3 ±20-5 


S56±17<3 


2J4±4^ 


6>4*46^> 


753*161 




H30±101 


11064:129 


14*6±0* 


1*8 ±W 


J4-1±W 


U4iM 


I06±2 


S7i2 


97A2 


104 ±3 


!3>8iC-7 


15B-4±W 


137-8 ± CHS 


13W±M 


4>S8db0-O7 


4^44*006 




4-20 ± 0KB 


29-7±*0 


23*5*24 


JS-3±3-8 


17-3 ±1-5 


IfiMJiW) 


J14-9±9»4 




121-1*^8 



MTfenralijJ vhfla beQ ooanli via. not anSsbfe. TTlFa— tumour TKCTOllr Stctar ff; ^{FJt» 
1 ^sotUtilfi bmnmr ne&radi €bs±x l ag^ itu i type 1; ACDl4=lha sofnbfo fam of C3fi o^d 

CfsKftctfested efH&pfanfflt Sxetm* 3 tad 5, mpecUvdy; IL^^intcfjEntjn-fi; WCO=^ih« oeQ 
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Pre-qp lweefc 40 day* SDday& 



P = 0-003 



j»<Q-O0Dl_ 



P*JHH>4_ 



X 



Pro-op liveftk «daya 90 doja 



I 

3" 



Pro-op 





40dayi BOdojt " Pro-op i™dt 40 days BOdflyfi 

JfewreJ Th/behavkmr of cytokine lef els fQnowinE detice implantation. Natural lugiriQuofl of tf* data are 
sfcnvti as these \rere normally distributed, "Die error ban are tlic 95% cOJjWaice lnterrals. 



2* 

14 
1 

IVS 
0* 



PnQ*OQB_ 



P-O-Qg 



1 



Twqp Iwwk 40 day* Nd^a 



5- 
4 - 



P«x 



Pr^op lvoek 40di3j» 90day» 



1 



2h 

| ih 

0-5 
0 



P*O02 



Pmop lweelt 40daji SDdays 




iOdaya 90 days 



$1*87*4 The beharicmr of cytoMse levers foflowfrg device Implantation. NstnrtJ logarithms of the data aw 
sfawra rafted were iwrmalfrd^b^^ 

data are shown only from tbese pattonia snraviag tmtil 90 days (o~26> 



Correlation analysts (Fig. 7), At the time of operation, then* wo» no com> 

Correlations between variables are shown in Table 4. laticms brtweca hemodynamic variables and any of the 
There was a dore relationship betwe^ elastase and C3a mfjammfttory indices measured. There wad a close 
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ISO 



100 



60 



40 




90 days 



Fi&n-cS Tbo prttern of weight loss In those pfltfettts SOrming the ftret montk or aashrt device 
hnpIantxiiofL The bolder h~neg ref wsent two or more pafienfe whose freight increased ox 
decreftsod to the soma fercV 




BMC > 25 tn ■ 10). 1 jter Burvirmi £8% 
CL 39-88) 



1— I 1 



J. 



o 3 4 0 8 10 15 

Km* (jmoSuO 

Figure 6 BnrrivillnpjtienteQccoidfo^ 
of assfst device bnplaiitetknb 

i d n timwihTp between urea and tumour necrosis ffcetor cytokine lavek expressed in absolute tenns or as a 
receiptor 1. proportion of initipl JcvcL 

There wik a very weaJc rdatidiwsfoip between wti^it 
at operation and tcniffur necrosis factor receptor 

i (r= - 0<34; P<0-05), and between weight and DlSCUSsfbn 
interlet&m^ (r~ - 0*37; J^O-02). There were so coxxe* 

Mnna between wrigrt J«s, expressed in absolute term* We haw studied cytokine responses to the fmpten- 
or as a proportion of initial weighs and change in tan' on of a left vestriCDl&x assist device in patients with 
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Ta&b 4 Univariate correlation maaixjbt the irrftomnatary mediators matam-td 





tafTNFR-J] 


InfTNF) 










• TJroi 




0-34 














btfsCDM 


0-30 














fa[<aa] 


0-23 


-0^3 


04£ 










fa][duia»] 


0*2 


0-02 


0-08 


0-K2 
(-CO-003) 








fnTJL-G] 


0-35 


-007 


0-04 


640 


0-40 












(^0*001) 


(<0-WJ) 


i 




InfCfeJ 


0-32 


-H 


(MB 


(MJ2 


M2 




















Urea 


0-63 


025 


0>25 


012 


0-H 


0-17 4 -0-05 






O003 


0-22 




033 


0-35 


0O05 — O-O? 





Renflti ire ikown Tor date at (he time of operation (p-AS). TNFR-1 ^numonr tujara factor receptor type l; TNF=nnaow arrests 
factor; iCD14» soluble CD 14; C3i Bud C5o«* activated couaplansnt ftctur£ 3 fend 5, respectively; IW»iotetfeiildii-d; WCC=whht cdJ 
euvnL 



7 




MCBh] 



7 The relationship between dasrase and acfirated C3. *=belbre operation; A^l week; B=40 days; 
♦=50 days. r ; 



tad-stags heart failure. Device- injplHrrtntiflii iegnlts in 
a temporary i&13 in tnmour necroais factor a and 
but these laigdy returned to pre> 
irnplantation levels by 90 days follow^ . Afthough 
none of the cytokines we measured uidqpendejitry pre- 
dicted cmtcoojfi,fhcxc wbi a stmag relationship between 
body mass at tbitims of operation and clinical outcome. 

Elevated levels of tumour rjecrceis a were first reported 
in 1990 by Levrne et ol. who studied heart ^Sure pari ems 



with cactada^L Many other immune cytokines have 
been reported to be elevated in chronic heart failure, rach 
a* interlenkiiia 1^ aPM tf»J a&d 8^, Bdmfala tumour 
neemds fectar jEcqrtoirf ,,l9) i and lenfcoeyte cberao- 
ftnssP 03 . Associated with, the immune activation is a 
^u^ u lrrpA unbalance between anabolic **»d cataboHc 

pr O^ pffi ft** ' ' ^ ^ gnrft that GBfrbotEsni p rwTfTmiTiaf^j m 

•• There are two ccarplemdstary explanations- far tfcfi 
origin of these phenomena. One asserts that abnormal 
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